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into the subject, and even then there appears to have 
been no law passed sustaining the recommendations of 
the committee. In the report of the committee there is 
found among the recommendations for the prevention 
of fires: "The most obvious of those means are, mak· 
ing the boiler rooms fireproof by a lining throughout 
of sheet iron, and an under lining of sheet lead in the 
wake of the boiler; protecting the decks around the 
smoke pipes in a similar manner, and employing con
stantly a faithful fire watch, especially in the night 
time. To these means of prevention, add the means 
of promptly extinguishing incipient fires, such as fire 
engines, buckets with baling ropes, and reservoirs of 
water on the decks; and as a last resort, let there be 
boats enough to save passengers and crew." It would 
seem from all the information we have on the subject 
at the present day, that Congress did not think at this 
p�riod that our river steamboats required so complete 
an equipment for fire purposes as that named in the 
law of 1838. Probably it was thought they could be 
beached most readily in case of a great emergency. 
There were passenger boats on the rivers along tho 
Atlantic coast equipped with fire-engines and buckets 
as required under the law of 1838, for in the examina
tion for the cause of the loss of the "Lexington," Capt. 
Manchester, the pilot, said in part: "I called to those on 
the forecastle to get out the fire engine and buckets. 
The engine they succeeded in getting out, but I did not 
see any of the buckets, except two or three which we 
found afterward on the forecastle." 

There was no material change in the fire equipment 
01' our steamboats until about 1850, when the independ
ent steam pump invented by H. R. Worthington, a few' 
years before, was brought into use for pumping up the 
boiler, as well as fitted for fire purposes. All this pre
ceded the new steamboat law of 1852, that was then in 
course of preparation. It was originally taken in hand 
by Congress through the loss of the steamboat "G. B. 
Griffith" on Lake ErJe in 1850, where there was a large 
loss of life. T1lis law required, among other provisions, 
that no license should be granted, "or, if any com
bustible material liable to take fire from heated iron, 
or any other heat generated on board such vessels in 
and about the boilers, pipes, or machinery, shall be 
placed at less than 18 inches from such heated metal 
or other substance likely to cause ignition, unless a 
column of air or water intervenes between such heaten 
surface and any wood or other combustible material so 
exposed; and further, when wood is so exposed to igni
tion, as an additional preventive, it shall be shielded by 
some incombustible material in such manner as to 
leave the air to circulate freely between such material 
and the wood." The purpose of this provision is readily 
seen to have been to prevent the ignition of the wood
work around the boilers, for most of the fires on steam
��that time had started in that locality of 
the vesseL The wooden deck beams and stanchions 
were located close to the boiler, and without any pro
tection from the heat of the latter, and the steam 
chimney casing had but little air space from the heated 
iron. Covering the boiler with hair felt, to prevent 
radiation of the heat, was a measure adopted to econo
mize in the consumption of fuel in the boiler, and it 
also prevented the hazard to the woodwork in the im· 
mediate vicinity of the boiler that before existed. This 
was first used on our coastwise steamships after the ex
periment demonstrated its usefulness about 1855, but 
was not used on our river boats for some years after. 
About 1875 iron deck beams were used over the boilers 
of some of our wooden-hull boats to lessen the risk of 
fire. 

The local inspectors under the law 0f 1852 evidently 
had, at an early day, their own trials in their endeavors 
to carry out some of the requirements of the law, and 
the inefficient condition of the fire pumps and fittings 
for immediate use in case of an emergency on some 
of the vessels, called forth a strongly-worded order 
that the entire equipment must be kept in condition for 
immediate use. In the Annual Report of 1857 the in
spector said: "Such resolutions have been passed at 
former sessions with respect to keeping fire pumps, 
hose, etc., in order and ready for use·; but subsequent 
experience has shown that such has not been the effect; 
and we have therefore passed a resolution that fire 
hose must be kept constantly attached to the pump, 
ready for immediate use. The necessity for this has 
been shown in some cases where the short delay of get
ting the hose to its place and attached, has been of 
sufficient duration to permit the fire to attain such 
headway that all after efforts to control and extinguish 
it were fruitless." This they followed up year after 
year. 

The use of a non-inflammable coating or fire-proof 
paint for application to the light woodw'ork of steamers 
received the early attention of the Board of Supervising 
Inspectors, but nothing further than a solution of lime, 
glue, alum or salt was suggested. The subject was 
taken up at a later date, and silicate of soda was 
experimented with and found to answer a useful pur
pose. 

There is one thing that should be prohibited on all 
passenger steamboats, and it is on many of them, and 
that is smoking by the deck crew. This practice, if 
permitted at all, should be restricted to some room on' 

deck, that has been set aside for that purpose. 
One ot the best examples of a strict compliance with 

the law, in being prepared for an emergency by fire, 
came under my notice about twenty years ago on the 
"Kaaterskill," of the Catskill line, then a new boat. 
My curiosity was excited by noticing a line of hose 
stretched on the main deck; and believing such things 
were not laid there under normal conditions, I looked 
around to find the purpose of its being there, and found 

the hose attached to the pump in the midship deck 
house, and run to the forward gangway, with the noz
zle pipe hanging overboard, and the pump working so 
that a stream of water was passing through the hose 
overboard ready to be taken up at a moment's notice, 
pump opened full, and there was a stream of water at 
once for use, without any delay in taking down a length 
of hose, starting a pump, etc. No doubt there are other 
lines which have the same system in operation when 
the vessels are running. 

STORAGE BATTERY LOCOMOTIVES FOR SHOP 
TRANSPORTATION. 

By J. A. McINTYRE. 
A lIIOST interesting exhibit may be seen at the Louis

iana Purchase Exposition, which consists of an electric 

the car is built low, so that the baskets can be drawn 
directly from their supports upon the car without lift· 
ing. 

An electric locomotive has also been in use in a lead 
plant at Federal, IlL, for handling the slag cars, and 
also for moving the ladle car which distributes the 
molten metal in various parts of the foundry. Such 
a system is much safer than overhead cranes or trol
leys, because the spilling of the metal is prevented. 
The storage battery locomotive may here and there bl') 
found in foundries for handling castings and pig iron. 

Two narrow-gage electric locomotives may be seen 
at the East Pittsburg works of the Westinghouse Com
pany. The railway upon which the locomotive in 
question is used connects the various bays, depart
ments, yards, and buildings, and brings all pieces of 
heavy work within range of the cranes and hoists. 

THE HUNT STORAGE BATTERY LOCOMOTIVE. 

A TRAIN OF FACTORY CARS HAULED BY STORAGE BATTERY LOCOMOTIVE. 

THE STORAGE BATTERY LOCOMOTIVE USED IN A BRICK PLANT. 

circuit battery locomotive, forming part of the exhihit 
of C. W. Hunt & Co., of New York. The exhibit is in
structive in so far as it shows modern tendencies in 
shop transportation, and incidentally the remarkable 
development which the industrial electrical locomotive 
has witnessed within recent years. 

One of our illustrations shows an electric locomotive 
used at a bolt works. The locomotive is of novel de
sign, and was specially built for the work to be done. 
The bolts and nuts are loaded into baskets containing 
about 250 pounds each, and each car carries twenty bas
kets, that is, twelve in the sunk portion and four on 
each of the upper ends. The machines which manu
facture the nuts and bolts deliver their product a 
short distance above the floor level. For this reason 
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Part of the system runs within the broad-gage tracks, 
switches and crossings being made without cutting the 
standard Fails. 

The entire absence of fire risks makes the storage 
battery locomotive a valuable and safe method of' 
handling inflaU).mable and explosive materials. It is, 
therefore, not 'astonishing that these locomotives are 
now being introduced into textile mills, where their 
economy, their cheapness, and their safety are brought 
into evidence more and more. One of these textile loco
motives is used for delivering carloads of baled cot· 
ton in eleven New England mills, covering consider
able area. A steam or trolley-electric locomotive was 
out of the question, on account of the great danger of 
fire. Before the storage battery locomotive was adapt· 
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ed for transporting the raw mat�rial to the textil\l 
mill, the cars had been moved one at a time by three 
horses harnessed in tane.em. The storocooms were so 
constructed that the horses would have no means of 
exit in driving in ahead of the car, for which reason 
it had to be sent in under its own momentum. Start· 
ing some distance back, speed was gotten up, and, at 
the psychological moment, the "tag-holder" unhooked 
the "tag" fastened to the traces in the front of the 
car. The method is obviously dangerous. Sometimes 
with a heavily-loaded car the horses were unable to 
give it the necessary momentum, and the s(�rvices of 
a loading gang had to be l'eq1tisitioned. This is all 
done away with now; one man is all that is needed. 
In light switching service, the batteries can be re
charged at various times during the day, While the 
locomotive is waiting between hauls. For heavier ser
vice it can be recharged during the noon hour or after 
working hours in the evening. Each motor has a sep
arate gear case, so that in an emergency the locomo
tive can be operated with one motor. This, to be sure, 
means a corresponding reduction in the hauling capac
ity; but on the other hand, the locomotive is still in 
commission. 

THE SENSITIVENESS OF CHEMICAL REACTIONS. 
By Du. L. BRANDT. 

Clm:lllCAL science, existing as such only since the 
close of the eighteenth century, has to-day a deep 
influence upon almost every domain of hUman activity. 
On the one hand, its laws and teachings are turned 
to benefit in the chemical branch, to produce by syn
thesis a great number of products which have become 
indispensable to modern man; bnt on the other hand, 
they have become of constantly inereasing importance 
to the world at large through the opposite analytical 
process. Chemical analysis furnishes in industry, 
commerce, and agriculture valuable information re
garding the character of the most varying substances; 
in the hygienic .field it has proven of great usefulness 
for the common weal in the testing of food products 
for purity; and in the service of' justice it often renders 
l,ossible the unraveling of intricate criminal cases. In 
the following lines I will try to present to the reader 
a general picture of the sensitiveness peculiar to chemI
cal reactions, and at the same time of the accuracy 
which the analytical chemist may attain in his work. 

Indispensable for the very exact analyses is a very 
delicate balance, which as a rule will still respond in 
the case of a weighting of 100 grammes to as small a 

quantity as 1/10 milligramme, that is, to the millionth 
part of the weighting. For physical and especially 
for particularly exact chemical investigations still finer 
scales are used, which are sensitive even to 1-100 or 
1-200 milligramme. 

For the mere detection of a body without ascertain
ing its weight, frequently considerably smaller quan
tities are required than can be determined on the most 
accurate scales. 

Among the most sensitive material actions which we 
Imow are thOSB which many substances exert upon our 
organs of sense, especially the sense of smell. A 
piece of musk will send its emanations into the remotest 
corners of a large room, betraying its presence to 
every one who may enter; yet it would be impossible 
for a chemist to detect the substance in the air of the 
room in any other way. The extremely unpleasant 
odor of mercaptan, an organic sulphur compound, is, 
according to reliable tests, perceptible to the sense of 
smell in the quantity of one four-hundred-and-sixty
millionth of a milligramme (1-460,000,000 milli
gramme)' in one cubic centimeter of air; this is a 
sensitiveness not attained by the most delicate reac
tions of spectral analysis. In spite of these astonishing 
performances, it is well known that our sense of smell 
is not to be compared with that of many animals, the 
dog, for example. It is difficult to conceIve that actually 
material particles, emanating from the fleeing game, 
come into action in the nose of the dog when he is fol
lowing a track several hours old; or that they excite 
the wild animal's olfactory nerves when he scents the 
hunter from afar. Yet there are indubitable traces of 
such m'aterial particles, which produce these effects, 
and are obedient to the law of gravity, though we must 
give up even a rough eBtimate of their weight. 

The sense of taste also shows a high degree of sensi
tiveness, though far below that of smell. About 4-5 

milligramme of cane sugar, placed upon the tongue in 
a solid state, is perceptible to the taste; of saccharine, 
which is 550 times sweeter, about I1h-l,OOO of a milli
gramme would be sufficient. The extremely bitter 
taste of strychnine and of picric acid has not quite this 
intensity, since with strychnine 1-200 milligramme of 
the nitric salt is required, and with picric acid 1-500 

milligramme of the substance. 
The actual chemical methods also, which are em

vloyed for the detection of separate substances, do not 
all show the same sensi,tiveness. We will first con
sider those which are founded upon the insolubility or 
the difficult solubility of a compound. Very many 
substances which are soluble in water or other liquids 
can be converted by the addition of fixed reagents into 
insoluble compounds, which are then separated as pre
cipitates. The more difficult of solution the resulting 
compound is, the weaker can be the solution used fa!' 
precipitation, and consequently the greater is the sensi
tiveness of the reaction. Among the compounds most 
difficult of solution are sulphate of barium, one part of 
which requires more than 400,000 parts of water for 
solution, and chloride of silver, which requires about 
1,000,000 parts of water, by weight. The latter sub
stance results when a solution of common salt is 
brought together with a solution of silver; in strong 

solutions there is formed a white precipitate, of the 
appearance of fresh cheese, in very dilute solutions 
only a milky clOUdiness. By this reaction the salt 
can be detected when diiilsolved in 2,000,000 volumes 
of water, that is, % milligramme in a liter, or 1h 
gramme in a cubic meter. If 10 cubic centimeters are 
employed for the test, the quantity which will produce 
reaction is about 1-200 milligramme. 

I wish to mention here a reaction distinguished b" 
great sensitiveness, which from its nature can be 
compared to the formation of precipitates; namely, the 
formation of arsenic mirrors through decomposition 
of arsenide of hydrogen. Here is a matter of the sep
aration of a solid substance, not from a liquid, but 
from a gas, a phenomBnon which is exactly analogous 
to the formation of precipitates in liquids. To test a 

substance for arsenic, it is placed in a dissolved state 
in a gas-generating apparatus, in Which hydrogen gas 
is produced, whereupon the arsenic present escapes, 
mixed with quantities of free hydrogen, as the ex
tremely poisonous arsenide of hydrogen. On heating 
the current of gas in a suitable tube, the arsenide is 
decomposed, and the arsenic is separated as a dark, 
mirror-like film upon the heated portion of the tube. 
By this method 1-100 milligramme-according to some 
authorities 1-1,000 milligramme-of arsenious acid can 
be detected with certainty. It is even not easy to pro
cure reagents which after this test are found entirely 
free from arsenic. The greatest care is therefore neces
sary, particularly in investigations for courts of jUstice, 
lest arsenic be discovered, originating not in the object 
under examination, but in the reagents. 

Of late the method of Gutzeit is frequently preferred, 
in which the arsenide of hydrogen, produced as before, 
is made to act Upon paper soaked in a solution of 
silver nitrate, and the presence of arsenic detected by 
the appearance of a brown color. This test is still 
more sensitive than the other, and it is asserted that 
1-10,000, even 1-2tl,000, milligramme cali be detected by 
it in its improved form. 

The reactions which are made known by the ap
pearance of colorings are in general more sensitive 
than those characterized by the formation of precipi
tates, since many substances possess an astonishing 
coloring power. It is a familiar fact even to the un
scientific that a little crystal of permanganate of 
potassium will color a glass of water intensely red. 
If the solution is so much diluted that the color be
comes pale, though still distinct, it will contain about 
1-5 milligramme to a liter. Iron can be detected in 
about the same dilution of 1 to 5,000,000 through the 
formation of the deep-red rhodanide of iron; since 
only about 10 cubic centimeters are necessary for the 
reaction, the actual amount of iron which can be de
tected is about 1-500 milligramme. 

We find even more intense cotoring ti6Wer Tn' triil' 
organic dye-stuffs, as will be shown by some examples. 
One milligramme of phenolphthalein is sufficient in 
alkaline solution to give a reddish color to 30 liters 
of water; while one milligramme <if fuchsine is per
ceptible in 50 liters of water, thus diluted in the pro
portion of 1 to 50,000,000. Among the numerous organic 
dyestuffs, fluoresceine, whose sodium salt has the com
mercial name of uranine, is also worthy of mention 
from the fact that its alkaline solutions possess the 
quality of fluorescence, that is, they show different 
colors in light falling through them than in light 
simply falling upon them. This quality, also observ
able in ordinary petroleum, is splendidly exhibited in 
uranine solutions, so that this dyestuff almost equals 

. fuchsine in intensity. Since uranine is besides this 
very permanent, it has been used to trace the course 
of streams underground, and in numerous cases has 
been the means of discoverIng the subterranean con
nection of watercourses with each other or with their 
source. 

An extraordinary sensitiveness is shown by some 
reactions used in detecting nitric or nitrous acid, and 
therefore important in the examination of drinking 
water. Nitric acid is detected by letting the water fall 
in drops into a sulphuric solution of diphenylamine, 
whereby a deep-blue ring forms around the water drops. 
According to Lunge, this reaction is perceptible when 
only 1-20 milligramme of nitrogen to the liter, thus 
50 milligrammes to a cubic meter of water is present 
in the form of nitric acid. Since only % cubic centi
meter of water is used in this test, the real acting 
quantity of nitrogen is only 1-40,000 milligramme
certainly an astonishing sensitiveness. 

For the detection of sulphurous acid there are a 

number of reagents, the most sensitive of which is the 
one suggested by Griess, sulfanilic acid in combina
tion with sulphate of alphanaphthylamine; this will 
detect with certainty 10 milligrammes of nitrous an
hydride in a cubic meter of water. Thus 1-100 
gramme of the substance diffused in 10 hectoliters or 
2,000 pounds of water can be detected by this reagent 
-one part by weight to 100,000,000 parts of water. 

Having observed the greatest dilutions in which sub
stances can be discovered by the most delicate chemi
cal reactions, it will perhaps be interesting to com
pare these with dilutions which the homeopathists 
have occasionally employed in their medicines. The 
tinctures which were the starting point were diluted 
according to the decimal or the centesimal scale, that 
is, to tenfold or hundredfold volumes. A part of the 
"first potency" thus obtained was again diluted ten to 
a hundredfold; and this process was often repeated as 
far as the thirtieth potency or beyond. With a satu
rated solution of salt, containing about 26 per cent of 
salt, there would result at the sixth potency of the 
decimal scale a solution so dilute that no salt could 
be detected ill it by silver nitrate. The �reatefJt dilu-
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tion in which the extraordinarily delicate reaction of 
nitrous acid with Griess'::; reagent takes place (1 to 
100,000,000), would be about equal to the eighth po
tency. The thirtieth potency corresponds to a dilution 
of about one part to a quintillion, a number ex
pressed by 1 with thirty ciphers. In the centesimal 
scale the thirtieth potency contains one part to a de
cillion (1 with 60 ciphers). The days, however, when 
the homeopathists considered such exaggerations a 
proof of their skill, and vied with each other in greater 
and greater dilutions of their medicines, are now past; 
later homeopathy has learned moderation in this point. 

Chemical science has not for all substances such 
delicate reactions as the above described. But in cases 
Where a suffiCiently sensitive reaction is lucking, very 
slight traces of dissolved substances can be discovered 
through concentration of the solution by evaporation. 
An example of this is the discovery of gold and silver 
in the water of the ocean. It has been proved that a 
cubic meter of salt water contains 6-100 gramme of 
gold and nearly as much silver, so that one gramme 
of gold is contained in 17 cubic meters of water. In 
spite of this small percentage of 0.000006, the gold 
dissolved in the sea water of the whole globe would 
reach the amount of 73 milliard (thousand million) 
tons; since the total amount of the waters of all the 
oceans is estimated at twelve hundred million cubic 
meters, this gold, if in one !SOlid bar, would fill a 
space of four cubic kilometers, or four milliard cubic 
meters. To obtain this treasure would certainly be 
difficult, in view of the extreme dilution; yet in the 
last few years processes for this purpose have been re

peatedly patented, without, however, any practical re
sults having been heard of. 

Almost all the above-mentioned reactions are sur
passed in sensitiveness by a method which has, to be 
sure, only a limited use, but exhibits a positively 
phenomenal senBitiveness; namely, spectral analysis. 
A knowledge of its nature must be taken for granted 
here, and I shall only give a few examples of its action. 

The detection of common salt is possilJle with the 
aid of the sodium line when only a three-millionth 
part of a milligramme is employed. In the spectro
scope there is always a pale sodium line, becanse the 
air always contains traces of salt, which is drawn up 
in evaporation from the flood of salt water covering the 
greater part of the earth's surface, and carl'ied by the 
winds all over the continents. In order to bring out 
the sodium line in perfect distinctness, it is ouly 
necessary to raise a little dust near the spectral ap
paratus. The sodium reaction is, to be sure, equaled 
in delicacy by no other reaction of spectral analysis; 
of lithium carbonate 1-100,000 milligramme is the 
smallest discoverable quantity, of potassium salts 
1-1,000 milligramme. 

Spectral all-a:fYB'is 'iS practicable for thp ('xamiul1 
tion of liquids if the latter, in veHBels with even paral
lel walls, are placed between a soul'<�e of light and the 
spectroscope. It is frequently made use of in this 
way to distinguish between different dyestnffs, and 
can serve, for example, to detect artificial coloring mat.
tel' in red wines. Blood in very minute quantities can 
be discovered spectroscopically; and carbonic-oxide 
poisoning can be detected with great certainty in dead 
bodies by a spectroscopic examination of the blood, 
since the coloring matter of the blood, containing ear
bonic oxide, behaves in a very characteristic manneI', 
Blood is also used, therefore, for detection of minnte 
quantities of carbonic-oxide gas in the air. A portion 
is shaken with water and a few drops of blood, and 
the liquid tested by the spectroscope. In this way one 
part, by weight, of carbonic oxide to 1,000,000 parts 
of air can be detected. 

After considering so many reactions of remarl,aLJIB 
delicacy, at the command of analytical (:hemistry, 
it is the more surprising to hear of the late discovery 
of many widely-diffuBed substances, which have until 
the very latest times escaped observation. Argon is 
to be mentioned in the very first instance, a gas which 
constitutes almost one per cent of the atmospheric air, 
but whose existence has only been known for a few 
years. In thiB case the great similarity of this gas 
to nitrogen, and its extremely slow chemical actiol!. 
explain the striking fact. Several other elements 
have been lately discovered in the air-crypton, xenon, 
and neon; which, however, are present in extremely 
slight traces, and therefore were not discovered until 
we learned how to liquefy air in considerable quanti
ties, and to bring about through partial evaporation a 
concentration of the rare elements. 'fhe amount of 
crypton in the air, for example, is about 1-50,000 per 
cent. 

I will point out in closing a few technical achieve
ments which deserve notice on account of the great 
dilution of the substances to be obtained. A materia� 
must be very valuable to make its extraction profitable 
in such a case; we find our examples therefore among 
the precious metals. The metallurgist separates silver 
from lead when it amounts to only 1-10,000 of the lat
ter. One part of gold can be profitably extracted from 
2,000 parts of silver. According to the newer method 
of extracting gold from auriferous sand, this is work;�d 
for as little as 2.3 grammes of gold per ton, or 0.00023 

per cent. These are noticeable achievements, which 
in part surpass the accuracy of many analytical opera
tions. That they are exceptional, and to be carried 
out only under especially favorable conditions, is easily 
understood when we remember that in technical opera
tions the expense of the process must be considered, a 
fact which as a rule soon sets a limit to the admissible 
dilution of the substance to be obtained.-Translated 
for the SCIENTIFIC AMERICAN SUPPLEMENT from Prome
theus. 
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